Four experiments assessed the role of verbal and visual processing in memory for aspects of a simulated, real-world spatial display. Subjects viewed a three-dimensional model of a city with 16 buildings that were placed on the display. The buildings were represented on the model with or without an accompanying name label on each building. After studying the display, subjects were tested on recall and recognition of the building names, picture recognition of the buildings, and spatial memory for where the buildings had been located. Overall picture recognition accuracy was low, and the presence of a name label on each building significantly reduced picture recognition accuracy but improved relocation accuracy. Spatial location information was not encoded independently of verbal and visual identity information. However, location information was more accurately retained with memory for verbal than visual aspects of the stimuli. The results are discussed in terms of the theoretical importance of differentiating memory for the identity of visual stimuli from descriptive memory for their physical characteristics in "visual memory" research.
for later recognition of old pictures. Haber (1970) contrasted picture memory with verbal memory and suggested that the capacity for picture recognition may be "unlimited." The present study examined the extent to which this view of picture memory is true. This study focused on memory for complex visual scenes.
The two principal questions addressed in this study are (a) What is the effect on visual memory of providing verbal labels for visual stimuli? and (b) What is the relationship between memory for the identity of objects and memory for their location in a spatial display? Regarding the first issue, a number of investigators have reported that free recall of pictures is superior to free recall of separate lists of words that name the picture (cf. Paivio, Rogers, & Smythe, 1968) . Superior memory for pictures over verbal materials has also been demonstrated using recognition procedures (Shepard, 1967) . Of more specific interest to the present study is the effect of accompanying verbal labels on memory for pictures. Using Copyright 1979 by the American Psychological Association, Inc. 0096-1515/79/OS04-0360$00.75 photographs of naturalistic scenes (Freund, 1971) and pictures of nonsense forms (Daniel, 1972) , it has been demonstrated that when subjects generated verbal labels for the pictures at the time of presentation, increased picture-recognition memory occurred. Conversely, if verbal rehearsal of pictures is prevented, picture-recognition memory is reduced compared with a verbal rehearsal group (Freund, 1971 , Loftus, 1972 Szewczuk, 1970) .
Under certain conditions, however, verbal labels do not appear to facilitate memory for pictorial materials. Kurtz and Hovland (1953) presented subjects with an array of 16 familiar objects. Subjects verbalized the objects in the array or they participated in a visual attentional control condition. One week later, subjects received a recognition test in which half of the items were the original objects and the remaining items were the verbal names of the other half of the objects. Overall, the verbalization group correctly recognized more items than the control group. However, this effect was due to the higher recognition of verbal test items by the subjects in the verbalization group relative to the control group. The control group actually performed slightly better than the verbalization group on recognition of the visual objects. This pattern of results was also reported in similar experiments by Bahrick and Boucher (1968) and Bahrick and Bahrick (1971) .
Another study that reported no facilitative effect of verbalization on picture memory was conducted by Ducharme and Fraisse (1965) . Using pictures of common object, subjects were presented the pictures alone, a list of only the verbal labels for each picture, or the pictures with the corresponding labels. On a later picture-recognition test, the picture plus label group did not differ in accuracy from the picture-only group.
The effect of verbal labels on visual memory is not at all straightforward. The effect appears to depend on the type of visual stimuli used and the relationship between the provided verbal labels and the visual stimuli. If simple, familiar visual stimuli are used (e.g., individual toys or single items) and if these stimuli are easily labeled, then they are likely to be automatically verbally labeled by adults at the time of presentation. A provided label for these items would consequently be redundant, nonfacilitating information. However, when multiitem visual stimuli are used or when the items presented are more similar to each other, a provided verbal label is more likely to improve memory by facilitating a distinct encoding of each stimulus.
In the present study, the stimuli were 16 exemplars of a single class of items, buildings. Although the buildings were visually different from each other, they were not functionally distinct. Subject-generated labels for each building were not then likely to facilitate memory for the building. Therefore, it is unlikely that subjects would automatically generate labels for these visual stimuli. Thus, if the experimenter provided labels for each stimulus at the time of study, the labels would offer a nonredundant basis for encoding each visual stimulus, which would not likely be available otherwise. The present study thus addressed the issue of whether providing verbal labels to visual stimuli would affect memory for the visual stimuli.
The second issue of concern in the present study was the relationship between memory for objects in a scene and memory for their spatial locations. Research by Handler (Mandler & Johnson, 1976; Mandler & Parker, 1976) showed that memory for the components in a picture and memory for the spatial arrangement of the components can be manipulated independently in experiments. However, additional research (Mandler, Seegmiller, & Day, 1977) suggested that a great deal of location information is automatically processed when the components of a visual scene are encoded in long-term memory. Other studies on incidental memory for location have used less realistic materials and have reported results that conflict with Handler's. vonWright, Gebhard, and Karttunen (1975) and Zechmeister, McKillip, Pasko, and Bespalec (1975) reported no differences between conditions with intentional versus incidental instructions on re-call of location information in pictures and words on a page, respectively. Acredolo, Pick, and Olsen (1975) , on the other hand, reported that 4-and S-yr-olds were more accurate when instructed to remember location intentionally than incidentially, and Schulman (1973) concluded a trade-off between adults' recognition of words and recall of where words were located on a spatial array.
In the present study, subjects viewed a visual array for 3 min. with instructions to concentrate on remembering the components of the array and where each was located. The visual array was a 76 X 102 cm model of a city with 16 buildings placed on the model. This particular display was utilized to simulate a real-world informationprocessing situation. It was assumed that the task of the subjects in this experiment would approximate cognitive mapping in the real environment. The value of using realistic materials in visual memory tasks has recently been emphasized by Neisser (1976) .
In Experiment 1, the same 16 buildings were presented to all subjects, but the form in which the buildings were represented in the model was varied across conditions. Subjects viewed the buildings as (a) wooden blocks with a color photograph of a real building on each, (b) these same color photographs with a printed verbal label for the buildings attached to each, or (c) only the verbal labels. The 16 buildings were physically distinct but not functionally unique on the basis of the physical features. The verbal labels assigned, however, were functionally unique (i.e., although several buildings may have looked like a school or a hotel, for example, the verbal labels included only one school, one hotel, etc.). After viewing the model city, subjects were tested on (a) recall and recognition of the names (in the name conditions), (b) recognition of the color photographs (in the photograph conditions), and (c) reproduction of the spatial locations of the buildings on the original model.
The effect of providing verbal labels with visual stimuli was examined in Experiment 1 by comparing picture-recognition results across the three stimulus conditions. If the capacity for picture-recognition memory is truely "unlimited" as Haber (1970) has suggested, then providing name labels would not be expected to affect picture memory in this task. The relationship between memory for the components of a visual array and memory for their spatial locations will also be examined. More specifically, the results of this study will scrutinize how this relationship is altered when the stimuli are primarily visual, verbal, or both.
Experiment 1 Method
Subjects. The subjects were 45 high school juniors and seniors who volunteered to participate at Cajon High School in San Bernardino, California. They were run in groups of three for one 50-min. session. Approximately equal numbers of males and females participated in each condition in the experiment.
Design. The experiment utilized a one-way, independent groups design. Fifteen subjects were randomly assigned to each of three levels of the independent variable, which was the form of representing the buildings in the visual arrayname only, color photograph on building shape with no name, color photograph on building shape with name. In addition, subjects in each condition received one of three orders of arranging the buildings on the map. This factor was varied to enhance the generalizability of the results and also to discourage subjects from copying from each other, since they participated together in one room in groups of three. The dependent variables were item recall, name recognition (in the name conditions), picture recognition (in the photograph conditions), and a test of item relocation on the map.
Materials. Each subject viewed a scaled model of an area of a city with 16 buildings on a graphic map. The map was constructed on a flat sheet of wood, 76 X 102 cm, covered with poster paper. The map had five nonparallel streets on it and various two-dimensional land features (e.g., a lake, a wooded area, railroad tracks) at points along the outer edge.
Color photographs were taken of pictures of the front of 16 physically different buildings. The buildings were not from the San Bernardino area. The photographs of buildings were selected with the restriction that they looked physically distinct from each other without each being functionally distinct. The buildings were approximately the same size (6 cm X 8 cm) and were photographed in scale. The photographs were then cut out and glued to the front of 2-cm thick pieces of wood that were cut to have the same shape as the outline of each building. The wooden shapes were all painted dark orange.
A duplicate set of the buildings was then constructed for the photograph with name condition. For this condition, the name of each building was typed on a 1 cm X 3 cm piece of white paper and glued to each building on the horizontal plane, just in front of the building (i.e., positioned like a doormat to each building). In the name-only condition, a duplicate set of verbal labels was constructed. These labels were placed flat on the map in the positions of the buildings.
The buildings were positioned on the map in one of three orders. In each order, the buildings were placed such that there were an equal number of buildings in each quadrant of the map. In addition, all buildings were clearly visible to the subject; no building was placed directly behind another, and the shorter buildings were not hidden by taller ones.
Procedure. The experimental room was a high school classroom with three tables around the perimeter facing the walls, and several tables placed in the center. Subjects entered the room in groups of three and were directed to the tables at the perimeter. Each subject was seated in front of one of the models' that had been placed flat on a table and covered with a box. They were told that they were going to be shown a model of a city with a set of buildings located on a map. They were instructed to treat the map as if it were a real city and concentrate on the buildings in the city and where they were located. They were told that they would have 3 min. to study the model. The subjects then looked at the ceiling while the experimenters removed the covers from the models.
At the end of the 3-min. study time, subjects were directed to turn away from their model and to move to a seat at one of the tables in the center of the room. They were each presented with a hidden patterns test to work for 2 min. The purpose of this intervening task was to insure that the results of the tests to follow measured retention from long-term memory.
Subjects were then presented with a lined piece of paper and were instructed to write down the name of each building that they could recall from the model. Subjects in the photograph-with-noname condition recalled the buildings by drawing each building they could remember. Because these data were difficult to score, recall data in the noname condition were not included in the analyses to follow. When all three subjects in a group indicated that they had recalled as many buildings as they could, the recall sheets were collected and each subject was presented with a name-recognition test and/or a picture-recognition test. Subjects in the photograph with no-name condition received only the picture-recognition test. Subjects in the word-only condition received only the namerecognition test. In the photograph-with-name condition, subjects received first the name-recognition test and then the picture-recognition test. In each recognition test, subjects progressed at their own pace through the test booklet(s) but were not allowed to turn back to previous items. When they had completed their tests (s), they were asked to sit quietly and wait for everyone in the group to finish. In this way, the recognition-testing phase took the same amount of time for all of the subjects in each group regardless of whether they had one or two tests.
The name-recognition test consisted of the names of the 16 buildings presented in the first part of the experiment and 16 distractor items. The distractor items were the names of buildings that were functionally different from those previously seen. The words were typed one to a page and were randomly arranged in a test booklet.
The picture-recognition test booklet contained black and white xerox copies of the original 16 buildings and 16 distractor buildings. Due to inherent differences between the pictorial and verbal modalities, the distractor items in the picturerecognition test were not comparable to those in the name-recognition test. Thus, no comparisons between the results on these two tests are appropriate. In the picture-recognition test, the distractor items were pictures of buildings, each of which was physically similar to one of the old buildings. Because physically similar buildings are unavoidably similar in potential function, the old buildings could be distinguished from the distractor buildings on the basis of visual detail but not based on verbal labels alone. These 32 pictures were printed one to a page and were randomly arranged in a test booklet. In the recognition test, subjects indicated on an answer sheet whether each item was old or new.
At the completion of the recognition phase, subjects returned to their original map from which the buildings had been removed and placed to the side. They were instructed to reconstruct the model as they had previously seen it by placing all of the buildings on the map as close as possible to where they were originally. The subjects were told that they could move the buildings around after they had been placed on the map until they felt that they were positioned as accurately as possible. All of the subjects in a group continued this task until the last subject finished.
Results
The mean performance of subjects in each condition on the recall, name-recognition, picture-recognition, and relocation tasks is presented in Table 1 . Name-and picturerecognition data were analyzed in terms of total percentage correct as well as the probability of a hit (i.e., P["old"/old]) and the probability of a false alarm (i.e., P["old"/ new]). The relocation score was measured in terms of Euclidian accuracy, that is, the distance in centimeters that each building was displaced from where it had been originally placed, averaged over the 16 buildings for each subject. Analyses of variance were applied to these data. The rejection region for these analyses is p < .05.
Comparisons of the name-only and photograph-with-name conditions revealed no significant differences in recall, F(l, 28) = .01, total percentage of names recognized, F(\, 28) = 2.68, name-recognition hit rate, F(l, 28) = .97, or name-recognition probability of a false alarm, F(l, 28) = 2.57. In these two conditions, recall-and name-recognition accuracy were both high and not reduced by the presence of the photograph in the photograph-with-name condition.
Picture-recognition accuracy was compared in the photograph-with-name and photograph-with-no-name conditions. Total percent picture-recognition accuracy was higher in the photograph no-name condition (67.1%) than in the photograph-with-name condition (59.8%), although this difference only approached significance, F(l, 28) = 3.37, .05 < p < .10. The hit-rate data better reflect subjects' picture-recognition sensitivity to old items alone. This is the more interesting measure in this study, since the distractor items varied in their similarity to the original items. The picture-recognition probability of a hit data produced a highly significant effect in the same direction, F(l, 28) =14.92, M5 e = .016. The picture-recognition false-alarm rates were not significant between the two conditions F(l, 28) = .48. Thus, although adding photographs to name labels did not reduce name recall or recognition, adding name labels to photographs did reduce picturerecognition accuracy. Thus, in this task, the verbal label appears to be the dominant aspect of the stimulus, in the sense that verbal labels were better retained than visual information when both verbal and visual cues were available.
A final analysis of variance revealed that relocation accuracy varied significantly across conditions, F(2, 42) = 13.63, MS e -38.63. Scheffe comparisons revealed that relocation accuracy was lower in the photograph-no-name condition (23.51 cm) than in the photograph-with-name condition, 14.29 cm, F(l, 28) =23.75, or name-only condition, 12.45 cm, F(l, 28) = 16.50. Relocation accuracy did not differ between the two conditions with names. Location information was better retained in the conditions that included a verbal label with each building, as compared with the no-label condition.
An additional analysis was computed to further explore the relationship between memory for the verbal names and memory for the visual features when both were presented in the photograph-with-name condition. The probability that a picture was recognized, given that it had been recalled, was computed, item by item, for each subject. The result was a proportion of .531. This did not differ from the chance level of .50, suggesting that in this task, memory for the names of the presented buildings was independent of later recognition memory for the visual features of the buildings.
Finally, the data were analyzed to specifically compare the relationship between memory for the items presented and memory for their spatial locations. One way to examine this relationship is to compare the displaced relocation distance for remembered items with that for items not remembered. This was possible because all items were relocated in the last portion of the testing session. Averaging across subjects in each of the relevant conditions, items recalled had a mean relocation displacement of 10.08 cm.
Items not recalled had a significantly higher mean relocation displacement of 21.62 cm. This comparison was made on name recognition data also. Items recognized by name were relocated more accurately (12.24 cm) than items not recognized by name (21.50 cm). On the picture-recognition test, items correctly recognized were more accurately relocated (15.77 cm) than items not recognized (24.95 cm). Superior relocation scores for remembered items were obtained in all experimental conditions, suggesting that item location was not encoded independently of verbal and visual memory of the identity of items.
Discussion
Experiment 1 was designed to assess verbal and visual memory for a set of stimuli comprised of 16 instances of the same class of objects. Because the verbal labels provided in the name conditions were not likely to have been automatically generated by subjects from the physical stimuli, this experiment presents a unique situation for independently assessing verbal and visual memory of the stimulus set. One strong result in this study was that in the conditions in which names were presented, the names were well retained (M percent recall = 70.2%, M percent name recognition = 88.15%), and name retention was not affected by the nature of the accompanying physical stimuli. This high level of memory for names, however, was at the expense of memory for visual aspects of the physical stimulus. Recognition of original pictures was significantly lower in the name than in the no-name condition. These data suggest that the visual and verbal dimensions represent separate aspects of these stimuli, which could be independently attended to. There was thus a trade-off between memory for the verbal versus visual aspects of the stimuli. The independent processing of these features is further supported by the chancelevel proportions obtained for the probability that an item was picture recognized given that it was recalled in the shape with name and picture with name conditions. These results are consistent with findings by Bahrick and Boucher (1968) , and Bahrick and Bahrick (1971) . In the first of these studies, subjects were tested on verbal recall and visual recognition for drawings of 16 objects. Their visual-recognition task consisted of presenting the drawings of each old object among 10 distractor items that were physically different members of the same class of stimuli (e.g., drawings of 10 different teacups). It was reported that recall of the name of an item (e.g., cup) was unrelated to the accuracy of visual recognition (e.g., picking out which, among 11 cups, they had seen).
The results on the spatial-relocation task suggest that processing of location information is not independent of verbal and visual processing of the identity of stimuli. This finding is consistent with results reported by Handler et al. (1977) . Items correctly recalled, name recognized, and picture recognized were more accurately relocated than those items incorrectly responded to. Spatial location, however, was not as effectively encoded with visual as with verbal identity information. In the photograph-no-name condition, relocation scores were significantly less accurate than in the conditions with names.
There exists an alternative explanation for the suppressed picture-recognition scores in the picture-with-name condition relative to the picture-no-name condition. In the noname condition, subjects were tested with only the item-recall test prior to the picturerecognition test. In the name condition, subjects were tested on the item-recall test, as well as the name-recognition test, prior to the picture-recognition test. The time delay or interference resulting from the additional intervening test could' potentially account for the reduced accuracy of picture recognition in the condition with name. Experiment 2 was conducted to test this alternative hypothesis.
Experiment 2
Experiment 2 was designed to further assess the effect of the presence of name labels on picture-recognition memory. The same basic experimental procedure was utilized in Experiment 2 as in Experiment 1, with color photograph buildings included either with or without verbal labels. In addition, only picture-recognition memory was tested, and the test stimuli used were duplicate color photographs, rather than xerox copies. The clarity of these test materials presented an improvement over those used in Experiment 1.
Method
Subjects. The subjects were 30 high school juniors and seniors who volunteered from classes at Cajon High School in San Bernardino. No subjects participated in more than one experiment.
Design and materials. Fifteen subjects were randomly assigned to each of two conditions. Subjects viewed the display with buildings represented by color photographs on wooden blocks either with or without verbal labels. Equal numbers of subjects in each condition were presented the display with the buildings arranged in one of three orders. The same display map and 16 buildings were used in both experiments. The picturerecognition test booklets consisted of color photographs of the 16 original stimuli plus distractor photographs, selected as in Experiment 1. Names were not included in the test pictures. The 32 test items were placed one per page and arranged in the same order in each test booklet.
Procedure. Using the same procedure as described in Experiment 1, subjects viewed the model for 3 min. and then participated in the 2-min. intervening task. Immediately afterward, subjects were presented a picture-recognition test and a response sheet. For each of 32 test pictures, subjects checked off on their sheet whether the item was old or new.
Results and Discussion
The picture-recognition data were analyzed in terms of total percentage correct as well as hit rate and false-alarm rate data.
Total percentage correct significantly differed between the photograph-with-name (67.3%) and the photograph-with-no-name conditions (77.1%), F(l, 28) = 7.65, MS e = 6.976. The probability of a hit was also significantly greater in the photograph-withno-name condition (.725) as compared with the photograph-with-name-condition (.625), F(l, 28) = 5.62, MS e = 3.414. The falsealarm rates in the photograph-with-no-name condition (.187) versus the photographwith-name condition (.250) were not significantly different.
This experiment was designed to test an alternative explanation of the superior picture-recognition data in the no-name condition as compared with the name condition in Experiment 1. This alternative explanation was that the time delay or interference involved in the intervening name-recognition test for subjects in the name condition may have suppressed accuracy of picture recognition. This alternative explanation was not supported in Experiment 2. When subjects in both conditions received the picturerecognition test only, the accuracy of picturerecognition memory was still significantly higher in the photograph-with-no-name as compared with the photograph-with-name condition.
An additional analysis was conducted to further test the hypothesis that the difference in building recognition memory between the name and no-name conditions was due to subjects' insufficient processing of building composition and detail in the name condition. Independent ratings of the stimulus attributes of the buildings were regressed onto picture-recognition data for each of the 16 buildings. Three independent raters (nonsubjects), blind to the hypotheses of this study (interrater reliability greater than .85 for all three criteria), rated each building on the following criteria: (a) form uniqueness-1 = common overall form in comparison to other buildings, 2 = fairly unique overall form in comparison to other buildings, similar to one or two others, 3 = unique overall form; (b) size uniqueness-1 = common size relative to other buildings, 2 = size common to one or two other build-ings, 3 = unique size compared to other buildings; (c) shape complexity-1 = simple shape, all one block, 2 = two or three distinct shapes or blocks in building, 3 = complex building, divided into several different parts or shapes.
As predicted, in the no-name condition, a significant proportion of recognition variance was explained by the three predictor variables as indicated in Equation 1:
.70= +.50 Form +.43
Size +.49 Shape +6.95. (1) Equation 1 was significant, F(3, 12) = 3.76, MS e = 6.52. In the photograph-withname condition however, R = .53 was not significant, F(3, 12) = 1.58. All of the beta weights in the no-name condition were significant at the .05 level, whereas none were significant in the name condition. Although the regression data provide converging evidence on the hypothesized differences between the name and no-name conditions, these data must be treated cautiously, since multiple regression equations when used in a predictive fashion capitalize on chance relationships among variables. Nevertheless, given the small set of predictor variables and the fact that all three were also significantly correlated with recognition levels in the no-name condition, moderate confidence in the differential prediction found in the photograph-with-noname versus the photograph-with-name conditions is warranted. Furthermore, Appleyard (1969) also found that size, shape, and form variables were significantly related to recall of buildings in the real world.
It was assumed in Experiments 1 and 2 that subjects in the no-name condition were not generating their own name labels for the buildings and were thus relying only on visual memory for the individual stimuli. However, an alternative explanation for the obtained pattern of results exists. Subjects in both the name and no-name conditions may have been utilizing visual and verbal coding of the stimuli. In the no-name condition, subjects may have generated functional labels for each building, which required greater attention to the visual features of each building. In the process of focusing carefully on each building and generating name labels in the no-name condition, picture-recognition memory would have increased relative to the name condition. The less accurate relocation measures in the noname condition could then be accounted for simply by reduced time available for studying location due to the time spent generating names. Experiment 3 was designed to test this alternative explanation of the name/noname effect in Experiments 1 and 2.
Experiment 3
Experiment 3 tests if the results in Experiments 1 and 2 were due to subjects' spontaneously generating name labels for the stimuli in the no-name condition. Experiment 3 basically replicated the procedure in Experiment 1 and included three treatment conditions. All subjects viewed the display map with the same 16 buildings represented in color photograph form. The name and noname conditions from Experiments 1 and 2 were included with the same study instructions utilized in these experiments. In addition, the third group viewed the stimuli without names and was instructed during the study phase to generate a name for each building to aid their memory. After viewing the display for 3 min., subjects recalled the names of the buildings they remembered and were then given the picture-recognition and relocation tests. If subjects in the no-name condition in Experiments 1 and 2 were spontaneously generating name labels, then in Experiment 3, recall in the generate-a-name condition would approximate recall in the no-name condition, with relatively higher recall in the generate-a-name than the no-name condition. The alternative hypothesis being tested makes two further predictions. First, if the generation of names by subjects leads to more processing of visual information, then it would be predicted that picture recognition in the generate-a-name condition would be more accurate than in the no-name condition, both of which would be more accurate than picture recognition in the name condition. Second, the additional time spent by subjects generating names would leave less time available for processing location information. Thus, relocation accuracy would be lower in the generate-a-name condition than in the no-name condition, both of which would produce less accurate relocation than in the name condition.
Method
Subjects. The subjects were 45 students who volunteered from psychology classes at California State College, San Bernardino. They were run in pairs for one 15-min. session.
Design and materials. Fifteen subjects were randomly assigned to each of three experimental conditions. All subjects viewed the display map with the 16 color photograph buildings from the previous experiments. In one condition, the subjects viewed the buildings with names and were instructed, as in Experiments 1 and 2, to concentrate on remembering which buildings were in the display and where each was located. Another group received identical instruction but studied the buildings without names. A third independent group viewed the buildings without names and received the above instructions, but they were additionally told, "To help you remember the buildings and their location, generate a name for each building that describes a likely function for that building." Several examples of such names were supplied to insure that the subjects understood these instructions.
Procedure. As in Experiments 1 and 2, subjects viewed the model for 3 min. and then participated in the 2-min. intervening task. Immediately afterward, subjects were asked to write down the names of the buildings that had been presented in the study phase. In the buildings-with-names conditions, this included only the 16 names presented. In the no-name and generate-a-name conditions, subjects were told, "If you made up names for any of the buildings during the study period, write down as many of the names as you can now remember. If you did not make up names during the study period, do not make them up now." In these two conditions, all nonredundant building names recalled by subjects contributed to the recall score. When subjects had completed the recall test, they were given the picture-recognition test .and then the relocation test. The picture-recognition test booklet was the same as that used in Experiment 2 and included color photographs rather than xerox copies.
Results and Discussion
The mean performance of subjects in each condition on the recall, picture-recognition, and relocation tasks is presented in Table 2 .
Picture-recognition scores are presented in terms of hit-rate data. The relocation data were measured in Euclidian accuracy as in Experiment 1.
As can be seen in Table 2 , the number of names recalled in the name condition replicated results in the comparable condition in Experiment 1. It should be noted that the recall scores in the no-name and generate-aname conditions are likely to be inflated. There was no way to verify whether names recalled in these conditions were actually remembered from the study phase or simply generated for the purpose of the recall test, nor could it be tested whether subjects remembered which buildings had been labeled with which generated names. Only one subject (in the no-name, regular instructions condition) recalled no names. A one-way analysis of variance indicated that these three means differed significantly, F(2, 42) = 18.92, MS R = 5.43. The significant effect is clearly accounted for by the low recall in the no-name control condition (M -6.67), relative to the other two conditions that did not differ from each other (both Ms = 11.20). This pattern of results suggests that although subjects were able to generate verbal labels for the visual stimuli used in this study, they were significantly less likely to do so in the absence of specific instructions suggesting this.
The alternative explanation being tested in this experiment also predicts that picturerecognition memory should be higher in the generate-a-name condition than in the noname control condition. The generation of verbal names for the visual stimuli was pre- 022. This effect was primarily accounted for by the lower hit rate in the name condition than in either of the no-name conditions, consistent with the results of Experiments 1 and 2. However, contrary to predictions of the alternative hypothesis, the probability of a hit was (nonsignificantly) less in the generate-a-name condition (.71) than in the noname control condition (.75).
Another prediction of the alternative hypothesis is that the time spent by subjects generating names would leave less time available for processing location information. Relocation accuracy would consequently be lower in the generate-a-name condition than in the no-name control condition. A one-way analysis of variance of the relocation accuracy data in Table 2 indicated a significant difference across conditions, F(2, 42) = 5.04, MS e = 45.94. As in Experiment 1, subjects were more accurate in relocating stimuli in the name condition than in either of the noname conditions. Relocation accuracy, however, was (nonsignificantly) greater in the generate-a-name condition (M = 17.90 cm displaced) than in the no-name control condition (M = 19.84cm displaced).
The pattern of results obtained in this experiment does not support the alternative explanation tested here. It seems unlikely that superior picture recognition and reduced relocation accuracy in the no-name conditions in this study can be accounted for by subjects in the no-name conditions using the study time to generate verbal labels for the visual stimuli.
Experiment 4
Experiment 4 was conducted to further assess the relationship reported in the previous experiments between visual-item memory, verbal-item memory, and location memory. This experiment tested whether visual memory, verbal memory, and location memory can be independently manipulated in the stimulus condition in which both visual and verbal components are available during the study phase. In this experiment, subjects viewed the display with color photograph buildings with names and received specific instructions to remember either (a) the names of the buildings, (b) what the buildings looked like, or (c) the location for each building.
If verbal memory and visual memory are processed independently, as was suggested by the results of Experiment 1, then verbal memory in the name-instructions condition would be expected to increase without increases in visual memory. Analogously, in the condition in which subjects were instructed to remember what buildings looked like, visual memory would be expected to increase without increases in verbal memory. A similar procedure was utilized by Tversky (1973) to test subjects' encoding strategy differences in anticipation of different types of memory tests. Tversky's subjects studied pictures of objects with accompanying names and were instructed that they would be tested with either a recall or a recognition test. Subjects performed better on the test that they had been informed of, and different stimulus information entered into correct performance on the two types of tests. Tests of location memory, however, were not included in Tversky's study.
The relationships among location memory and verbal and visual memory were examined in the location-instructions condition in the present study. If location information is better encoded with name than visual memory, as the results of Experiment 1 suggested, then performance in the locationinstructions condition would be expected to approximate results in the name-instructions condition. On the other hand, if location information is better encoded with visual information, then results in the location-instructions condition would be more similar to results in the visual-instructions conditions.
Method
Subjects. The subjects were 45 students who volunteered from psychology classes at California State College, San Bernardino. They were run in pairs for one 45-min. session.
Design and material. Fifteen subjects were randomly assigned to each of three experimental conditions. All subjects viewed the display map with the 16 color photograph buildings with names from the previous experiments. The instructions read to the subjects prior to the study phase were varied between groups. The name instructions group was told, "After you study the display, I am going to test to see how many building names you can recall. So while you are studying the map, you should concentrate on the building names so that you will remember them for the test." In the building memory condition the following instructions were read:
After you study the display, I am going to test you on how well you remember what each building looks like, when a picture of each building alone is presented to you. So while you are studying the map, you should concentrate on remembering what each building looks like so that you will remember each for the recognition test.
The location memory instructions were the following :
After you study the display, I am going to take all of the buildings off of the map and then ask you to replace them in their correct positions. So while you are studying the map, you should concentrate on remembering where each building is located so that you will be able to replace them accurately on the map.
Procedure. After receiving one of the above sets of instructions, subjects viewed the map for 3 min., followed by the 2-min. intervening task. Immediately afterward, all subjects were given (a) a name-recall test, (b) a picture-recognition test, and (c) a relocation test of the buildings with attached name labels. The three tests were given in the above order to all subjects. The picture-recognition test booklet was the same as that used in Experiment 2.
Results and Discussion
The mean performance of subjects in each condition on recall, picture-recognition, and relocation tasks is presented in Table 3 . Picture-recognition scores were calculated as total percentage correct, as well as the probability of a hit and the probability of a false alarm. The relocation data were measured in displaced relocation distance, as in the previous experiments.
Analyses of variance were applied to these 021. Picture-recognition accuracy was higher and the false-alarm rate was lower when subjects were instructed to study what the buildings look like as compared with the other two conditions. This pattern of results suggests that location memory was encoded verbally rather than visually in all three experimental conditions in this task. Instructions to remember what the buildings look like increased picture-recognition accuracy without corresponding improvements in relocation scores. Thus, subjects in the name-instructions and location-instructions conditions appear to have been similarly encoding the spatial display via the names of the buildings, and, consequently, they rehearsed location information in this form. The lower picturerecognition accuracy in these two conditions appears to have been the result of the strategies utilized by subjects in these conditions, rather than any necessary processing limitations in the cognitive mechanisms involved. This is suggested by the result that when subjects were instructed to remember the appearance of the buildings, picture independently tested memory for four types of information remembered from pictures. These were inventory information (what objects were in the picture), descriptive information (what the objects looked like), spatial-location information (where the objects were located), and spatial-composition information (the overall general spatial composition of the picture). They, too, reported unusually low accuracy of picture recognition (70.8% in the immediate retention conditions). Further, they reported that memory for identity and location information remained intact over time, whereas descriptive and spatial-composition information were not as accurately maintained. This rinding supports the notion that inventory and descriptive information are separate aspects of visual memory and should be distinguished as such.
The above explanation can also be applied to the discrepancy between results of this study and previously reported findings regarding the reduced accuracy of picturerecognition memory in the name, as compared with no-name conditions in the present study. In the conditions in which no names were presented, subjects could try to remember the buildings only by attending to and rehearsing the physical features of each building. In the conditions with verbal labels, however, the buildings could be held in memory and rehearsed by an additional feature-the name. The data suggest that the strategy of the subjects was to primarily focus on the verbal label rather than the physical details of the photograph in the conditions in which both were presented. Because physical description and name inventory were processed separately, time spent rehearsing the name was at the expense of rehearsing the physical features. Picture-recognition memory was thus reduced in the name conditions. However, the results of Experiment 4 indicated that when the strategy of subjects was altered, picturerecognition memory was improved without a decline in verbal recall.
If the stimuli were rehearsed verbally in the photograph-with-name conditions, this would also provide an interpretation for why relocation accuracy was greater in the name than no-name conditions in Experiment 1. Several studies by Nelson (cf. Nelson, Brooks, & Bordon, 1973) showed that when subjects were instructed to remember the temporal order of a series of simple pictures, the subjects encoded the pictures verbally and rehearsed them serially in this form. Verbal rehearsal of pictures was more effective than rehearsal via the visual code. In Experiment 1 of the present study, then, subjects rehearsing the position of items in the display by means of the verbal labels had an advantage over subjects who did not have access to a verbal code for each item. Because serial order is better rehearsed with verbal than visual coding of stimuli, item relocation was more accurate in the name than no-name conditions.
The results of these studies may generalize in an interesting way to how people remember buildings in the real world. If a person knows what building is at a given location (e.g., the post office, the supermarket, the college library), this would not necessarily mean that he or she would be able to recognize what the building looks like. Knowing the functional name of a building may in fact make it less likely that the physical features of the building would be encoded and stored in memory. How many of us could recognize a photograph of the building we work in or the bank we use if it were embedded in a set of functionally similar distractor items? This issue has interesting implications for researchers in the area of visual memory.
